Structural and mechanical properties of a giomer-based bulk fill restorative in different curing conditions
Giomer is an alternative novel hybrid dental restorative material containing pre-reacted glassionomer filler particles in a resin matrix that provides some advantages for fluoride releasing and recharging, in addition to enhanced mechanical, esthetical and handling properties 5 . Recently a bulk-fill giomer in low viscosity and high viscosity forms was introduced, claiming a combination of anticarious properties, esthetic, durability and fast-treatment comfort
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.
Light-cured resin materials allow controlling curing time but also require incremental polymerization, which has been suggested to be restricted to 2 mm until recently for the majority of composites with most of the light-curing unit (LCU) in the market 7, 8 .
In addition to the compositional improvements in resin phase and polymerization issues, some LCU manufacturers have claimed to decrease curing time and thus treatment period by increasing the irradiance outputs (mW/cm 2 ) of their equipment, following the assumption that radiant exposure has a simple reciprocal relationship: if the irradiance is increased, the light-curing time can be decreased 18, 26 .
Most recent advancements in curing technology have appeared in light-emitting diode (LED) LCUs. These devices have become popular due to their several operational advantages such as shorter exposure times, longer service time, lower weight and thermal effects compared to halogen lights and ultraviolet (UV) predecessors 11, 19, 24 . First-and second-generation LED-LCUs were able to polymerize 2 mm thick resin samples in 20-40 s and emitted a narrow monowave light spectrum (450-470 nm), which corresponds to the spectral peak absorbance of camphorquinone. .
Considering the novelty of bulk-fill giomer restorative and third-generation LCUs, quantitative relationships between microstructure formation and resulting physical properties of restoratives and curing protocols should be studied in detail.
The aim of this study was to compare the polymerization degree of bulk-fill giomer resin cured with three different light-curing units (LCUs):
a polywave third-generation (Valo), a monowave (DemiUltra: DU), and a second-generation LED (Optima 10: Opt) LCUs by using structural and mechanical properties. The null hypothesis of "polymerization do not differ depending on the curing protocols" was tested.
Material and methods Before the study, we checked the light intensity of all LCUs using a Demetron radiometer (Kerr Corporation, Orange, CA, USA).
In addition, we prepared the samples used for the flexural strength tests using rectangular molds (2×2×25 mm) compressed between two glass plates. where A is the intensity of a particular absorption peak, ac and bc represent conditions of "after curing"
and "before curing", respectively.
The morphological properties of a representative sample (G-DU) were investigated in a field emission scanning electron (FE-SEM, FEI Quanta FEG 450) microscope. In the SEM analysis, fractured surfaces of the sample after the compression test were directly imaged in the instrument after a proper sample preparation route sputter-coated with gold. the sample is quite smooth and there is no roughness and/or extra surface cracks. It can also be noticed that the glass filler particles are homogenously dispersed into the resin matrix. Based on the cracking crosssection, seen in Figure 5a , it can be assumed that the failure mechanism possibly followed the formation of a microcrack, then the rapidly growth of such weak domain under loading conditions over the breaking stress. However, it can also be inferred that the formation and growing of cracks occurred in the resin phase. A large and rectangular glass filler particle embedded into the resin phase is shown in Figure 5b .
Surface hardness measurement
The average lateral size of glass particle is about 5-10
μm. An important observation in this micrograph is the excellent interfacial adhesion between the filler particle and the resin matrix. 
Surface hardness

Mechanical properties of samples
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Microstructure and morphology
The intensity of the characteristic absorption peak of unsaturated aliphatic C=C double bond originated from the methacrylate group at 1636 cm -1 and that of aromatic C=C double bond at 1604 cm -1 can be used to quantify the DC%, as previously described
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Another characteristic -COO-NH-stretching peak originated from UDMA is clearly seen at 1716 . In this study, the DC% value was determined by considering the intensities of aliphatic and aromatic C=C bonds because while this number decreased due to the crosslinking reactions between the methacrylate groups of monomers, the aromatic C=C bonds originated from phenyl groups remained unchanged. In some studies, characteristic absorption peaks of aliphatic C=C and C=O bonds were used to calculate the DC% value 12 . However, it could be concluded that the peak intensity of ester or carbonyl is highly speculative for a quantitative determination, In this study, SEM image of polymerized resin ( Figure 5 ) implied that the resin phase successfully covered all filler surfaces and no holes or microvoids at the interfacial region appeared. This result also represents that the possible cracking mechanism mentioned before is originated from the cracking of the crosslinked resin phase rather than the particle or interfacial failure.
Surface hardness
It is a well-known fact that when light is applied to a resin material, the irradiance decreases as it is reflected, dispersed and attenuated by the surface layers. Thus, deeper layers are generally less It was found that all the samples considered in our study met the FS requirements, which also implied that they could be safely used in load-bearing areas. 
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